Background: Specific research tools and designs can assist in identifying the efficiency of physical activity in elderly women. Objectives:
Introduction
The world's population is aging. In 2003, Brazil's elderly population was 16.7 million: 9.6% of its total population. It is estimated that by 2020 the elderly will make up 13% of Brazil's population 1 . Aging is characterized by morphological and physiological changes, such as loss of muscle strength, flexibility, and balance, and other deficits in physical function 2, 3 , particularly in women 4 . In conjunction with these processes, there are variations in body composition and anthropometry (a reduction in weight, height, and bone mineral density) and these are exacerbated by the more sedentary lifestyle of older individuals 5, 6 , which affects their quality of life 7 and increases the risk of falls, especially in women 8 . Furthermore, it has been identified that Brazilian women show variations in their fitness relative to other populations 9 .
Although physical activity programs for the elderly have been shown to curb the harmful changes of aging 10, 11 , not all programs have the same effectiveness 12, 13 despite being generally regarded as effective 14 . The existence of a wide variety of programs 15 calls for debate about their outcomes 13, 16 , which in turn implies carrying out studies on population subgroups using different types of analysis 13, [16] [17] [18] [19] . Specific research tools and designs can assist in identifying not only program effectiveness but also program efficiency and use in terms of better physical performance, which is influenced by multiple factors including adherence to the program 20 . These analyses allow the assessment of the influence of efficiency and the factors that determine it or are associated with it and can provide classifications and subgroups to which interventions should be adapted if they are to offer the best service in the short and medium term 19 . Therefore, the purpose of this study was to identify the effects and efficiency of an adapted physical activity program as regards the physical condition of older Brazilian women.
Method

Participants
Participants were selected from among a group of 120 elderly women (>60 yrs 21, 22 ) included in an Adult Revitalization Program in São Carlos, SP, Brazil. Initially, all participants underwent a medical evaluation of their physical characteristics and previous health problems that might hinder their participation in the program activities 23 . Participants were excluded if they did not come to one or more of the physical evaluations conducted at the beginning and throughout the program, and those whose adherence to the program sessions was lower than 75% were also excluded. Thus, this study included 64 women with a mean age of 66.92±5.41 years. This sample was analyzed as a group (>60 yrs group) and was divided into two subgroups by age: the 60-65 yr subgroup (n=31, 62.45±1.82 years) and the >65 yr subgroup (n=33, 71.12±4.11 years).
All participants signed an informed consent form and declared that they were not participating in other specially designed physical activities outside the program. The study was conducted in accordance with resolution 196/96 of the National Health Council (CNS) and was approved by the Human Research Ethics Committee of Universidade Federal de São Carlos (UFSCar), São Carlos, SP, Brazil (Document No. 104/4). This study was registered at Clinicaltrials.gov (NCT01558401).
Outcome measures
Participants were evaluated individually according to different inputs (amount of time in days spent on strength, flexibility, and aerobic exercises) and outputs (levels of grip strength, flexibility, static balance, dynamic balance, and VO 2max ) 23 in four assessments (A1, A2, A3, and A4). Grip strength was measured using a Sammons Preston Swedley-Type hand dynamometer (Jamar ® , Bolingbrook, IL, USA) 24, 25 . The test was performed three times on the dominant upper limb at 10-second intervals between each run. The grip strength assigned to each participant was the highest of the three values measured. The participants were instructed to hold the grip meter during exhalation without performing the Valsalva maneuver; they were encouraged verbally throughout the test 26 . Reliability studies have shown that handgrip strength measured with the Jamar dynamometer is a reliable method (ICC>0.85) and is recommended for use in clinical practice 27 . The Sit-and-Reach Test was employed to evaluate lower back and lower limb flexibility 28 . The movement was performed three times. The flexibility assigned to the participants was the highest value measured 29 . Previous studies have indicated that reliability estimates for the Sit-and-Reach Test are consistently high in elderly women (ICC=0.98) 30 . Static balance was verified by the One-Leg Stance Test with eyes open 31 . The participants gazed at a fixed point two meters away for no more than 30 seconds, with one leg bent at the knee. The test was performed three times with eyes open and closed and with both legs, taking into account the mean value of the measures for each condition (eyes open or closed). This procedure has high inter-rater reliability (ICC=0.93) 32 . Dynamic balance was evaluated by Maximum Gait Velocity (MGV) 33, 34 . The participants were instructed to walk along a 33.3 cm-wide and 3.33 m-long track painted on the floor in the shortest possible time. The test was performed three times. The dynamic balance value assigned to each participant was the mean time spent walking along the track. The coefficient of variation for healthy elderly women varies between 0.09 and 0.14 35 . The Rockport 1-Mile Walk Test was used to determine physical condition estimated by the VO 2max
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. The test-retest reliability coefficient of this test has been considered high (0.97) by different authors 37, 38 . The following variables were also determined by trained research staff, using standardized protocols at each assessment 39 : height, weight, body mass index (BMI), heart rate, and systolic and diastolic pressures. Height was measured to the nearest centimeter using a portable stadiometer. The participants removed their shoes, stood with their back to the stadiometer maintaining erect posture and looking straight forward during height measurement. Weight was measured on a scale with the participants in undergarments. Both the stadiometer and the scale had been calibrated previously. Resting pulse rate and resting blood pressure were measured after a minimum 10-minute rest period. Pulse rate was measured manually twice for one minute at the radial artery of the left wrist. Resting blood pressure was measured manually twice on the left arm with a hand aneroid sphygmomanometer and stethoscope. All physical measurements were collected twice, and the mean of the two values was used in analysis. Adherence to the program (absenteeism) was also assessed.
Intervention
The physical activity program consisted of 123 sessions carried out over a period of 52 weeks. The first assessment (A1) was performed, followed by 12 weeks of activities. Next, the second assessment (A2) was performed, followed by three weeks of rest and another 17 weeks of activities. Then the third assessment (A3) was conducted, followed by four weeks of activities, four weeks of rest, and finally 12 more weeks of activities. After that the fourth assessment (A4) was performed. The A1-A2 period comprised 30 sessions, the A2-A3 period 48 sessions, and the A3-A4 period 45 sessions. The rest periods coincided with the workers' vacation periods.
The sessions were held in groups of no more than 25 participants, and the activities were standardized and agreed upon by the research team, which held monthly meetings. Each session consisted of 8-10 minutes of stretching of the major muscle groups (pectoral, latissimus dorsi, cervical paravertebral, and posterior and anterior thigh muscles); 9 minutes of aerobic exercise ( fast walking); 7-10 minutes of adapted strength, power, and endurance training (with load determined by the participants and increased as needed according to the supervisors); 14-16 minutes of coordination, agility, and flexibility exercises, and 5-7 minutes of respiratory and relaxation exercises. The sessions were performed three times a week.
Based on previous studies 23 , this activity protocol is in accordance with recommended time and intensity parameters 40 , allowing control and quantification of the activities performed overall and during each exercise. The sessions were supervised by previously trained physical educators and physical therapists. The research team ensured that the participants performed the activities as correctly as possible and that the exercises were varied in order to keep them motivated, as suggested in the literature 41 .
Sample size
Sample size was determined with the ENE 3.0 (GlaxoSmithKline, London, UK) software. The calculations were based on detecting an effect size of 6.4s of the static balance, verified by the One-Leg Stance Test with eyes open (Preintervention: 18.5s; Postintervention: 25.9s), with a standard deviation of 7.7s at postintervention data 42 , an α level of 5%, and a desired power of 90%. These assumptions generated a desired sample size of at least 31 subjects per group.
Statistical analyses
Statistical analyses were conducted with the SPSS 19.0 package (SPSS, Chicago, IL). The means and standard deviations or 95% Confidence Intervals (95%CI) for each of the outcome measures are shown. The Kolmogorov-Smirnov test showed normal distribution of the quantitative data (p>0.05). One-way repeated-measures ANOVA, with assessment (A1, A2, A3, A4) as the within-subject factor, was performed to examine the effects of the intervention on the physical ability of the group (>60 yrs) and subgroups (60-65 yrs and >65 yrs). The Bonferroni test was used for post-hoc analysis between assessments A1-A2, A1-A3, and A1-A4. Within-subject comparisons (A1-A2, A1-A3, A1-A4) and comparisons between efficient and non-efficient individuals in the group and subgroup effect sizes were calculated using the Cohen index (d) 43 . An effect size greater than 0.8 was considered large, 0.5 moderate, and less than 0.2 small.
The operational research tool, Data Envelopment Analysis (DEA), was used to determine the relative efficiency of the participants, considered Decision-Making Units (DMUs) [44] [45] [46] . This analysis supports the hypothesis that the outputs do not need to be proportional to the inputs 47 . In this case, the inputs were the amount of time in days of strength, flexibility, and aerobic exercises, and the outputs were the levels of strength, flexibility, static balance, dynamic balance, and VO 2max , verified at the end of the physical activity program 47, 48 . After that, an unrepeated Student-t test was employed to compare the results between efficient and non-efficient women for all variables not considered outputs (BMI included) for each group and assessment. The statistical analysis was conducted at a 95% confidence level. A p value of less than 0.05 was considered statistically significant for all analyses.
Results
The descriptive results of the outcomes for the group and subgroups at the four assessments are shown in Table 1 . The time spent on strength and aerobic endurance exercises was similar and, in all cases, longer than the time spent on stretching exercises. Nevertheless, the activity program was more effective in changing flexibility than any other physical ability, when minimum, if the participants were categorized by age, i.e., 60-65 yrs and >65 yrs (more than 20 mm in some cases). In fact, dynamic and static balance, especially of the left limb, was another parameter strongly influenced by physical activity (4.67 seconds for the >65 yrs subgroup between A1 and A4) despite the fact that there were no exercises specifically aimed at recovering and preserving this ability.
Repeated-measures analyses and the Cohen index of the group and subgroups
All physical variables in conjunction with BMI showed statistically significant differences in the ANOVA test for the total sample (>60 yrs group), pointing to an increase between assessments A1 and A3 in terms of strength, flexibility, and VO 2max and a decrease in the last assessment (A4), breaking the trend even though the A3-A4 interval comprised more activity time on all types of exercise. When the subgroups were taken into account, the overall results showed a similar, albeit more heterogeneous, behavior. The more elderly subjects (>65 yrs) tended to generate more change in the ANOVA ( flexibility, left limb static balance, and maximum gait velocity showed p-values lower than 0.001). These differences were maintained in the post-hoc analysis: flexibility (A1-A2, A1-A3, A1-A4), VO 2max (A1-A3), LLS test (A1-A2, A1-A3, A1-A4), and MGV (A1-A2, A1-A4) ( Table 2 ).
The Cohen index did not show the same distribution of differences found in the inferential analysis, indicating low or moderate values. Only the >65 yrs subgroup achieved moderate values (>0.5) with regard to balance, especially in the long term (A1-A4). BMI changed very little, with values lower than 0.1. Most of the variables showed size effects around 0.2 (small effect). In addition, some variables showed a negative effect in the A1-A2 period, VO 2max being the most representative, in conjunction with dynamic balance, which decreased moderately, as in the ANOVA (Table 3) .
Efficiency analysis (DEA) and Cohen index of efficiency
The efficiency analysis showed two homogeneous types of behavior. First, considering the >60 yrs group, the A3 assessment afforded the smallest percentage of efficient women (Table 4) , even though only the 60-65 yrs subgroup included a larger number of efficient women at the end of the program (A4) than in the short term (A2). Second, the 60-65 yrs subgroup attained the largest number of efficient women in all three assessments (A2, A3, A4), which indicates that this age range benefits the most from the activities carried out although the effect sizes were not the largest nor did they constantly reach significance.
Apart from this initial analysis, we identified the non-output variables that were different depending on individual efficiency or non-efficiency within the group and subgroups. This showed that age was the sole factor in the determination of differences (p<0.05) in the >60 yrs group (A3: efficient = 65±4.1 years, nonefficient women = 68.62±5.89 years; A4: efficient women = 65±2.07 years, non-efficient women = 69.39±2.4 years) and in the >65 yrs subgroup (A3: efficient women = 68.22±2.82 years, non-efficient women = 71.55±4.93 years; A4: efficient women = 68.10±3.25 years, non-efficient women = 72.21±4.56 years) groups. The 60-65 yrs subgroup showed no dependence on the factors discussed and no differences between the efficient and non-efficient women (p>0.05).
Finally, taking into account the group and subgroups, the behavior measured by the Cohen index of the efficient individuals was much higher than that of non-efficient individuals, especially in A2 and A4. In fact, variables such as static balance behaved very differently among individuals, with large effects, several of them above one. Moderate effects were identified for flexibility, oxygen consumption, and some BMI assessments. Both strength and dynamic balance showed small differences between the efficient and non-efficient women, albeit with exceptions (MGV-A4, >65 yrs subgroup; strength-A3/A4, 60-65 yrs subgroup). The 60-65 yrs subgroup exhibited differences between the efficient and non-efficient women from A2 onward, whereas older subjects (>65 yrs) took longer to exhibit significant benefits from the program only after A3 (Table 5 ).
Discussion
The results of this study indicate that prolonged adapted physical activity generates changes of different magnitudes and interpretations in older women. Likewise, for the older group of older women, age seems to be a determining factor as regards program efficiency. Efficiency itself could be an important differentiator in terms of activity planning and dose determination.
In a general analysis, as mentioned above, the program was effective in reversing and mitigating changes due to aging 10, 49 , contrary to what has been found by other authors in interventions aimed at reducing falls 15 . Nonetheless, one of the most interesting findings in this study comes from a different interpretation of the results according to the type of analysis in question, which may explain the controversies found in the literature 14 . Hence, inferential analysis identified important changes in the older subgroup, especially with respect to flexibility, balance, and aerobic consumption in the short and long term. These trends contrasted with the effect sizes, considered to be parameters of the highest clinical and practical applicability, in which as regards older individuals' balance the changes were categorized as low or non-existent in the short term and only moderate in the long term. For this reason, it is even more important to plan the analysis properly before interpreting the data, by establishing clear goals and managing clinical parameters 13, 50 and even calculation of the dose-response relationship 51 . In this sense, the time of exposure to intervention has been identified as another possible determinant of efficiency taking into account that, in some studies, the amount of physical activity did not reach the minimum recommended dose 40 . From this perspective, it is possible to identify the benefits, in terms of efficiency, based on the amount of time spent on each type of exercise. In our study, the younger participants (60-65 yrs) showed higher efficiency, i.e. more individuals benefitted from the program, exerting less effort. The more elderly individuals needed more time on each type of exercise to be able to achieve beneficial changes.
In addition, the proportion of efficient individuals may decrease over time in more elderly subjects (aged >65 yrs) or when the sample is not separated by age subgroups, the percentage of efficient individuals only being increased in the older women. This scenario casts doubt not only on the intensity and effectiveness of physical activity, but also on the doses employed and the relative importance of the participants' adherence to the program. Also, the benefits, when minimum in terms of static balance and aerobic consumption, may help to identify the women who will not profit from the physical activity program. These elderly people may need a different type of intervention/ treatment if they belong to the same target population. It is therefore necessary to accurately identify participants' adherence to the program as this can partly determine differences in behavior among subjects.
Finally, with regard to the factors that distinguish efficient individuals from non-efficient individuals in the group and subgroups, only age had statistical significance, which may be in agreement with the need to take into account age divisions, both inter-and intra-group, when evaluating the effects of physical activity on the elderly 19 , particularly individuals older than 65 years. The failure of measures such as weight or BMI in differentiating efficiency could support current evidence in favor of disregarding measures such as BMI as an indicator of risk of mortality in the elderly, with other factors, such as a sedentary lifestyle, being more important 52 . These results, in agreement with those of other authors 53 , suggest the importance of investigating the target population's health needs, activity dose, and demographics before implementing programs, especially if differences between population features have been identified 9, 21, 54 . The establishment of specific groups of individuals may mitigate the discrepancy between ideal versions of programs and their practical implementation.
To our knowledge, this is the first study to investigate the efficiency of an exercise program intended for older people. However, several limitations were detected. A sample consisting solely of women, as well as the impact of different sample sizes of the group and subgroups on statistical significance, partly mitigated by the Cohen index, may restrict the extrapolation of our results. As mentioned, several interruptions occurred along the intervention, but their influence on the results was not determined because the participants' physical activity during this period was not assessed. Likewise, in spite of other studies having reported the permanence of changes achieved by the programs for long periods of time after their completion 55, 56 , a follow-up investigation was not carried out after this program, which precludes any knowledge about how the changes found in participants' physical capacity evolved. Finally, the absence of a control group reduces the internal validity of the present study, although randomized controlled trials cannot be considered the only source of scientific evidence in complex interventions 57 and other studies with similar designs have shown their ability to identify effects in the same target population 49, 58 . For these reasons, it seems necessary to conduct further research in order to carry out other efficiency measures with a view to determining the effects of these programs, studying the influence of other parameters, both physiological (body composition, oxidation) and clinical ( falls, fall-related injuries), and determining dose-response relationship in specific populations.
Conclusions
Adapted physical activity is effective in changing the physical condition of older women. However, it is necessary to establish the activity dose and to standardize the analysis of results relative to the purpose of the study (e.g., determination of efficiency, clinical evaluation). In this sense, if physical activity is to be translated into health in older women, their age, both inter-and intra-groups, their adherence to the program, and the actual time they spend on each type of exercise should be taken into account. The DEA allows the assessment of the results of the time spent on physical activity in terms of health concerns.
